Animal hosted microbiome communities are now recognized as essential assemblages that can affect host health, phenotype and disease susceptibility (Gosalbes et al., 2012; Jumpstart Consortium Human Microbiome Project Data Generation Working Group, 2012; Christian et al., 2015) . Further, the microbiomes of arthropod vectors of human pathogens can affect the transmission of zoonotic pathogens (Weiss and Aksoy, 2011; Hughes et al., 2014; Narasimhan et al., 2014) . Laboratory experiments have found that higher tick microbiome diversity is negatively correlated with colonization success of the Lyme disease pathogen, Borrelia burgdorferi (Narasimhan et al., 2014) . But it remains unclear what factors drive natural variation of the tick microbiome and whether such variation would affect pathogen transmission in the wild and therefore regulate disease risk. Prior field studies have identified microbiome differences by tick species (Hawlena et al., 2013) , sex (Williams-Newkirk et al., 2014; Zhang et al., 2014) and region (Carpi et al., 2011; van Treuren et al., 2015) but have not found correlations with host blood or the immediate environment (Hawlena et al., 2013; Rynkiewicz et al., 2015) .
Tick larvae must feed on an infected blood meal source in order to acquire B. burgdorferi and then molt into an infected nymph. This simple life history and feeding strategy provides an ideal system to investigate the natural drivers of microbiome diversity and its effect on pathogen transmission in a disease vector. A previous study did not find a correlation between host blood meal and Ixodes scapularis microbiomes (Rynkiewicz et al., 2015) , yet Ixodes pacificus, the focal tick of this study, has a distinct natural history (Lane and Loye, 1989; Eisen et al., 2001) . As a generalist, I. pacificus feeds on numerous vertebrate species that may be pathogen reservoirs, but the primary blood meal host for juvenile I. pacificus is the western fence lizard, Sceloporus occidentalis, a Borrelia-refractory host (Lane and Quistad, 1998; Kuo et al., 2000) . Infected ticks that feed on S. occidentalis are cleared of their B. burgdorferi infections and are no longer infective as a result of complement proteins in the lizard's innate immune system (Kuo et al., 2000) .
We collected all stages of I. pacificus, the vector of Lyme disease in the western United States, from the field and analyzed the interactions between tick microbiome diversity, host blood meal and pathogen infection using amplicon-based deep sequencing analyses. I. pacificus of all life stages were collected from the field and nymphs were tested for B. burgdorferi infection (Lane et al., 2005) . Engorged larvae were collected from a reservoir host (mice) or a non-reservoir host (lizards) and molted into nymphs for microbiome analysis (Swei et al., 2012) . Then 16S rRNA microbiome libraries were prepared for individually barcoded samples and sequenced on an Illumina MiSeq (San Diego, CA, USA). Sequences were quality-filtered, clustered at 97% sequence similarity and analyzed in QIIME (Caporaso et al., 2010) .
Our analysis found a significant loss of microbiome species richness and evenness as fieldcollected I. pacificus mature (Figures 1a and b) .
The loss of species richness in microbiome communities across vector life stage has not been observed in other arthropod species and may reflect unique factors that drive microbiome diversity in I. pacificus. Beta diversity was also significantly different between the life stages measured by relative abundance (weighted Unifrac distance, t-test = − 18.40, P = 0.001; Figure 1c ) and occurrence (unweighted UniFrac distance, t-test = − 7.35, P = 0.001, Figure 1d ). At all stages, tick microbiomes were dominated by one bacterial OTU belonging to the genus Rickettsia and identified as the endosymbiont Rickettsia G021 based on 16S sequence (Supplementary Figure 1; Hunter et al., 2015) . The pathogenicity of Rickettsia G021 is unknown but it is believed to be nonpathogenic. In addition, I. pacificus is not known to harbor pathogenic Rickettsia species (Cheng et al., 2013) . Our analysis found that Rickettsia was ubiquitous in I. pacificus and becomes increasingly dominant at older life stages simultaneous with loss of microbiome species richness and evenness (Supplementary Table 2 ). Thus, environmental exposure (for example, age) does not have a strong role in the introduction of microbes into the tick microbiome.
We examined I. pacificus ticks that were B. burgdorferi positive or negative and found no significant differences in microbiome species richness or composition (Supplementary Figure 2A) . While B. burgdorferi positive ticks likely fed on a mammal reservoir, negative ticks may be negative because they either fed on a Borrelia-refractory lizard or an uninfected mammal. To specifically examine how host blood meal affects the nymphal tick microbiome, we evaluated the microbiome of nymphs known to have fed on mice or lizards as larvae (Figures 2a and b, Supplementary Figure 4) . I. pacificus nymphs that fed on lizards as larvae were characterized by significantly lower species richness relative to mouse-fed ticks (t-test = 5.41, P = 0.003 Figure 2a ). Microbiome community composition was distinct between lizard-fed and mousefed nymphs by unweighted UniFrac (t-test = − 5.14, P = 0.001, Figure 2b ) and weighted UniFrac (t-test = − 5.47, P = 0.001, Figure 2c ). Rickettsia comprises a significantly greater portion of the microbiome in lizard-fed ticks relative to mouse-fed ticks primarily as a function of reductions in richness of other microbiome species (P = 0.002, Supplementary Figure S1 ). These results show that S. occidentalis reduces the diversity of other bacteria comprising the tick microbiome but does not reduce the relative abundance of Rickettsia perhaps because it is an intracellular bacteria not found in the midgut where interaction with host blood would occur (Supplementary Table 1 ). Tick microbiome and pathogen acquisition altered by host blood meal A Swei and JY Kwan B. burgdorferi-infected I. pacificus nymphs were distinct from lizard-fed ticks both in terms of species richness and composition (Figure 2d-f) and had a lower proportion of Rickettsia reads ( Supplementary  Table 1, Supplementary Figure 3) . Although the source of infection is unknown, infected nymphs must have fed on a pathogen reservoir such as a small mammal. Western fence lizards host an overwhelming proportion of juvenile ticks, especially nymphs (Eisen et al., 2001) , therefore, the loss of species richness from subadult to adult ticks is unique to I. pacificus (Zolnik et al., 2016) and appears to be driven by lizard blood meals. We find that when ticks feed on mice or other pathogen reservoirs, microbiome species richness is significantly higher. These results are intriguing because when microbiome diversity of I. scapularis was experimentally lowered, colonization success of Borrelia burgdorferi was impaired (Narasimhan et al., 2014) . Thus, ticks with reduced microbiome richness due to feeding on lizards may exhibit decreased ability to acquire B. burgdorferi in subsequent blood meals.
We show that S. occidentalis significantly alters the composition of the tick microbiome. Laboratory studies (Narasimhan et al., 2014) suggest that reduction of tick microbiome diversity may affect future acquisition of B. burgdorferi by I. pacificus. These results demonstrate that ecological factors (that is, blood meal source) can significantly influence vector microbiomes and may fundamentally impact pathogen transmission in natural systems.
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